In a two-step mating experiment with recipient strains of Mycobacterium smegmatis, the Mycobacterium fortuitum cryptic plasmid pJAZ38 was isolated. Plasmid pJAZ38 was genetically labeled by cointegration formation mediated by the kanamycin-resistant mycobacterial transposon Tn611. The region responsible for replication of pJAZ38 was located and sequenced. This region showed homology with the Mycobacterium avium plasmid pLR7 and the Mycobacterium scrofulaceum plasmid pMSC262, a family of plasmids which have been found to be widespread throughout the mycobacteria. Further experiments showed pJAZ38 to be stably inherited in the absence of selection pressure and compatible with the most commonly used mycobacterial replicon, pAL5000. In contrast to pLR7 and pMSC262, pJAZ38 was able to replicate in M. smegmatis mc 2 155, making it a useful tool for mycobacterial genetics.
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The genus Mycobacterium comprises a wide range of species, from the pathogenic slow growers, such as the causative agents of tuberculosis and leprosy, to fast-growing mycobacteria found in the environment, such as Mycobacterium fortuitum. Traditionally, mycobacterial genetics has not been developed because of the pathogenicity and slow growth rate of Mycobacterium tuberculosis. The global increase in the incidence of tuberculosis, however, has been accompanied by an increase in molecular studies of mycobacteria, and although genetic systems are steadily being developed, there is still a need for more tools in this area.
Several plasmids have been detected in mycobacteria from both environmental organisms and opportunistic pathogens (4, 5, 17) . They are especially common in Mycobacterium avium complex isolates recovered from infected humans with pulmonary infections or AIDS and in Mycobacterium scrofulaceum and the M. fortuitum complex of both clinical and environmental isolates (3, 10) . Of all of the plasmids isolated, the most extensively studied is the M. fortuitum plasmid pAL5000 (14, 21, 25) . This plasmid has been used as the basis for several other mycobacterial vectors (6, 8, 9) . The other two mycobacterial plasmids whose replication regions have been defined and sequenced are the M. scrofulaceum plasmid pMSC262 (20) and the M. avium plasmid pLR7 (2) . These two replicons were found to show homology in the replication region. Related plasmids have been detected throughout the mycobacteria by hybridization studies with pLR7 as a probe (5) .
Several insertion sequences have been isolated from mycobacteria (18) , but only one composite transposon, Tn610, has been isolated. This transposon was isolated from M. fortuitum and contains a sulfonamide-resistant determinant and two copies of insertion sequence IS6100 which show homologies with the IS6 family elements. This is the only mycobacterial mobile element whose mechanism of transposition is a replicative process leading to the formation of cointegrates by duplication of one IS element in a direct orientation. Tn611 is a kanamycin-resistant derivative of Tn610 (16) . Hybridization of transposition events shows that the two original copies of the IS are present at the same positions and a third copy is present at different locations, showing that transposition is random and not site specific.
A classical method for labelling cryptic plasmids in gramnegative bacteria has been described that involves transposition of the replicative transposon Tn3, thereby introducing a selective marker to plasmids which do not present a readily identifiable phenotype (24) . Here we describe the genetic labeling of a mycobacterial plasmid, pJAZ38, from M. fortuitum by using Tn611. The sequence of the replication region of pJAZ38 was found to show homology with those of both the M. avium plasmid pLR7 and the M. scrofulaceum plasmid pMSC262. Plasmid pJA238 was also found to be compatible with the M. fortuitum plasmid pAL5000.
MATERIALS AND METHODS
Bacterial strains, plasmids, and growth conditions. The relevant bacterial strains and plasmids used in this study are shown in Table 1 . A mutant of M. smegmatis mc 2 155 resistant to streptomycin was selected for by plating of cells on streptomycin at 300 g/ml. Cultures of Escherichia coli were routinely grown in Luria-Bertani (LB) medium at 37°C. For selection of inserts in pUC19 in cloning experiments, MacConkey agar was used (Difco Laboratories, Detroit, Mich.). Cultures of mycobacteria were routinely grown in 7H9 Middlebrook liquid medium or 7H10 solid medium (Difco) with ADC or OADC enrichment (Becton Dickinson Microbiology Systems, Cockeysville, Md.) at 32, 37, or 42°C according to the experiment. The antibiotics streptomycin (300 or 20 g/ml), ampicillin (100 l/ml), and kanamycin (20 g/ml) and mercuric chloride (20 g/ml) were added to the media as required. All antibiotics and mercuric chloride were purchased from Sigma Chemical Co., St. Louis, Mo.
Conjugation procedures. Donor and recipient cultures were grown in solid media with the appropriate antibiotic for 4 or 5 days. Donors and recipients were crossed with a flat toothpick on a fresh LB plate; a patch was also made of donors and recipients alone as a control. Plates were then incubated for 2 days before recovery of cells with a wire loop and resuspension of cells in 1 ml of sterile distilled water. Ten-fold serial dilutions were then carried out, and 100 l of cells was plated in selective media. Donors and recipients were counted by plating of dilutions of the mating mixture in the appropriate antibiotic, and donors and recipients alone were plated in the double antibiotic plates as a mutant control. Plates were then incubated for 1 week to 10 days before the colonies were counted. The transfer frequency is defined as the ratio of recipient colonies obtained on selective media to the total number of recipient colonies obtained on nonselective media.
Chemicals and enzymes.
The restriction enzymes and DNA ligase used in this study were purchased from Boehringer Mannheim GmbH, Mannheim, Germany, or Amersham International Plc, Buckinghamshire, United Kingdom.
Identification of mycobacterial species by PCR. Mycobacterial species were identified at the molecular level by polymorphic restriction analysis by PCR amplification of the gene encoding the 65-kDa heat shock protein as previously described (26) .
DNA techniques. Plasmid DNA was isolated from E. coli as previously described (22) . Total genomic DNA was isolated as previously described (27) . Competent E. coli cells were prepared by methods previously described (22) . Competent M. smegmatis cells were prepared according to the method described by Bio-Rad Laboratories, Richmond, Calif. (BIO-RAD US/EG Bulletin 1360), and were subjected to a single-pulse electroporation of 25 F at 2.5 KV (with resistance set at 1000 ⍀), and cells were plated on selective media following 2 h of incubation with shaking.
Southern blotting was carried out as previously described (22) . Hybridizations were carried out at 60°C with the Megaprime DNA labelling system (Amersham) according to the manufacturer's instructions.
Manual DNA sequencing was carried out by the dideoxy chain termination method with the fmol DNA sequencing system kit (Promega Corporation, Madison, Wis.) according to the manufacturer's instructions. Automatic sequencing was carried out with the Alfexpress sequencer (Pharmacia Biotech, Uppsala, Sweden), and all reagents were purchased from Pharmacia. The following labeled oligonucleotides were used: OJA1, AGCAAGCGCAGGCATTCGTG; OJA2, GCACGCTCCGCCCTGGGTTC; OJA3, AAGGGTTCGAACCGGGT TGC; OJA4, CTTTCGCGTGCGGTCCGATC; OJA5, CAAACCGGCTGGCG TGTGTC; OJA6, CAACCAGTCGCGTACCAACG; OJA7, GAAACCGCTC AATTCGCCGC; and OJA9, CGACCAGTTCCGAGCACATG. The PCR programs used were as follows: M13 Forward, OJA1, OJA3, OJA4, OJA5, and OJA6, 2 min at 95°C, followed by 25 cycles at 95°C for 36 s, 65°C for 36 s, and 72°C for 84 s; M13 Reverse, 2 min at 95°C, followed by 30 cycles at 95°C for 36 s, 50°C for 36 s, and 70°C for 84 s; OJA2, 2 min at 95°C, followed by 25 cycles at 95°C for 36 s, 72°C for 36 s, and 72°C for 84 s; and OJA7 and OJA9, 2 min at 95°C, followed by 25 cycles at 95°C for 36 s, 67°C for 36 s, and 72°C for 84 s.
Stability and compatibility studies with pAL5000. Single transformant colonies of M. smegmatis mc 2 155 with pB4, pJAZ42, pJAZ56, and pB4 plus pJAZ42 were streaked on kanamycin or streptomycin agar plates and incubated for 7 days. Single colonies were inoculated in 10 ml of liquid medium with antibiotic and grown to saturation for 72 h. Cultures were diluted 1:100 in antibiotic-free medium and grown for 24 h. This process was repeated daily for 4 days. The appropriate dilutions were plated out on LB agar plates with and without antibiotic in order to ascertain the proportion of colonies resistant to each antibiotic compared with the total number of cells. Colonies were scored after 4 days, and the results represent the average of three independent experiments for each plasmid.
Plasmid copy number. Relative plasmid copy numbers in M. smegmatis mc 2 155 were determined as single-cell resistance to kanamycin (25 g/ml) (25) . Cells were grown to the late exponential phase, and 10 6 -fold dilutions were spread onto LB plates containing different concentrations of kanamycin. Total viable cell counts were also determined on LB plates with no selective pressure. The minimum concentration of kanamycin necessary to inhibit cell growth was taken as the single-cell resistance. We used strain EP10 as a control, because this strain has one copy of the kanamycin resistance gene in its chromosome (1) .
Nucleotide sequence accession number. The nucleotide sequence data reported here will appear in the GenBank nucleotide sequence database under accession no. U84216.
RESULTS
Genetic labeling of a mycobacterial cryptic plasmid. This work resulted from a study of intrageneric gene transfer in mycobacteria in which transfer of mercury resistance was detected between M. fortuitum 138 and M. smegmatis in mating experiments at a frequency of 10 Ϫ4 per recipient cell (our unpublished results). Plasmid DNA preparations with various previously described protocols (11, 12) did not result in the detection of the presence of plasmids in agarose gels, although the presence of three plasmids had previously been reported in this strain (15) . In order to genetically label the plasmid, kanamycin-resistant Tn611 was used. Transfer of the mercury marker was selected in a strain of M. smegmatis harboring the thermosensitive and Tn611-containing plasmid pCG79 (9) . This experiment was carried out at 32°C. In a second mating experiment, this transconjugant was used as the donor, and streptomycin-resistant M. smegmatis JAZ3 was used as the recipient (Fig. 1) . Cointegration formation between pCG79 and the M. fortuitum plasmid, mediated by Tn611, was selected by plating of cells on kanamycin and streptomycin at 42°C. Several candidates were obtained. Cointegration formation mediated by Tn611. Hybridization of total DNA from these candidates with insertion sequence IS6100 as a probe showed that 3 of 10 contained an extra copy of the IS as expected if transposition mediated by IS6100 had occurred. Electroporation of total DNA from the transposition candidates in E. coli resulted in the recovery of a recombinant plasmid, formed by cointegration between pCG79 and an extra fragment with a size of 16.9 kb. Restriction analysis of these three candidates showed them to be identical, while the seven other colonies analyzed were found not to contain an extra copy of IS6100. The cointegrate plasmid was named pJAZ14 ( Fig. 1 and 2) .
Replicative transposition, like that occurring on transposition of Tn611, results in the generation of an extra copy of IS6100 (0.8 kb) and duplication of a direct repeat (DR) sequence (reference 16 and our unpublished results). Partial sequencing of plasmid pJAZ14 was carried out of the flanking regions of the transposition insertion site in order to confirm the presence of the DR sequences and hence the fact that transposition had occurred. An 8-bp DR sequence, CTGCGC TC, was found flanking the IS, as expected as a result of transposition. Blast searches of the flanking regions of the transposon insertion site did not reveal significant homology with anything.
Origin of the M. fortuitum plasmid pJAZ38. Hybridization was carried out with total undigested DNA from donors and recipients used in the previous mating experiments in order to confirm that the labeled DNA pertained to M. fortuitum and was not present in M. smegmatis. The 2.1-kb EcoRI fragment was used as a probe (Fig. 2) . Figure 3 shows the presence of extrachromosomal DNA which is present in M. fortuitum and not M. smegmatis. The 16.9-kb fragment present in pJAZ14 was cloned in a pUC19 HindIII site which cuts inside the IS element, resulting in the plasmid pJAZ40 (Fig. 2) . This plasmid was used to confirm the size of the DNA insert and to compare its size with that of the element in the original M. fortuitum strain. Southern blot preparations of total DNA from M. fortuitum 138 were found to hybridize when the entire plasmid was used as a probe and, upon digestion prior to hybridization, gave banding patterns which corresponded exactly to the M. smegmatis mercury-resistant, transconjugant banding pattern, which was calculated to be 16.1 kb. The plasmid was named pJAZ38.
Replication and stability of pJAZ38 derivatives in M. smegmatis. In a further cloning experiment, the streptomycin-spectinomycin cassette was introduced to pJAZ40 by partial digestion with HindIII, resulting in the plasmid pJAZ42 (Fig. 2) . Plasmid pJAZ42 was then introduced into M. smegmatis and was found to replicate at 32, 37, and 42°C. In order to determine the stability of pJAZ38 derivatives, pJAZ42 and pJAZ56 were transformed in M. smegmatis. The results of the study show that the plasmids are stably maintained in the absence of selection pressure. After 4 days (48 generations) of growth in antibiotic-free medium, only pJAZ56 suffers a loss of 1 order of magnitude (Fig. 4A) . This lower stability of pJAZ56 compared with that of pJAZ42 may be due to the fact that while all of pJAZ38 is present in pJAZ42, pJAZ56 contains less than one-fourth the original plasmid, and it may therefore be lacking regions responsible for stability functions.
In compatibility studies, coculturing of the pJAZ38 derivative pJAZ42 (streptomycin resistant) with a pAL5000 derivative, pB4 (kanamycin resistant), showed that the number of cells which expressed both streptomycin and kanamycin was almost equal to the number of cells resistant to either antibiotic. These results indicate that these two plasmids coexisted in M. smegmatis for at least 48 generations (Fig. 4B) . 
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Plasmid copy number. Relative plasmid copy numbers were determined by single-cell resistance to kanamycin. This method has been shown to work well for low-and medium-copynumber plasmids (25) . The single-cell resistance for cells containing the constructs pJAZ56 and pB4 and for strain EP10 is shown in Fig. 5 . The single-cell resistance for EP10 was set to 1, and it was maintained for pJAZ56, corresponding to a relative copy number of 1. In the case of pB4, there was an increase compared with EP10 corresponding to a relative copy number of 8. The results of these experiments correlated well with results obtained by hybridization experiments (data not shown). Sequencing of the replication region. pJAZ40 was digested with BamHI, and the fragments obtained were cloned in pUCKm; likewise, all of the fragments obtained on EcoRI digestion of pJAZ40 were cloned. These subclones were then electroporated in M. smegmatis mc 2 155, and a 6-kb EcoRI fragment was found to replicate, as was an internal 4-kb BamHI fragment (Fig. 6 ). Smaller subclones of pJAZ56 obtained on PvuII digestion were found not to replicate. These subclones were sequenced, and homology with two previous described mycobacterial plasmids, pMSC262 and pLR7, was found. The entire sequence of pJAZ56 was obtained (4 kb), and the region responsible for replication was defined (Fig. 7) . Homology studies of this region of approximately 1.1 kb showed the region had 61% identity with both pLR7 and pMSC262 replicons at the DNA level, while at the amino acid level, homology studies revealed 53% identity and 66% similarity with only pLR7. Figure 7 shows 2.4 kb of the sequence obtained from pJAZ56, including the deduced amino acid sequence of the region responsible for replication. A comparison of the deduced amino acid sequence of pJAZ38 with that of pLR7 can be seen in Fig.  8 .
Detection of related plasmids in other M. fortuitum strains. Total DNA from a further 32 strains of M. fortuitum of both clinical and environmental origin was analyzed by hybridization with pJAZ38 as the probe, and homologous plasmids were detected in three strains. Two of these strains were clinical isolates (M. fortuitum 162 and 557), while the third was environmental in origin (M. fortuitum FC1). Upon digestion of the DNA and rehybridization with the same probe, different restriction patterns were obtained. This indicates the presence of homologous but nonidentical plasmids throughout the mycobacteria.
DISCUSSION
We have described the genetic labelling of a cryptic mycobacterial plasmid, pJAZ38, by transposition of Tn611 into the M. fortuitum plasmid in a two-step mating experiment. The method used was a modified version of that described for the labeling of gram-negative cryptic plasmids by Tn3 replicative transposition (24) . This method could be of use for the labeling of nonconjugative cryptic mycobacterial plasmids with Tn611 and the thermosensitivity of pCG79, where the vector is introduced by electroporation. Cointegrate plasmids could be transformed to E. coli, selecting for kanamycin resistance, thereby allowing further studies with E. coli.
Three plasmids have been reported in the M. fortuitum donor strain 138 (15) . Following our detection of conjugative transfer of resistance to mercuric chloride to M. smegmatis, we failed to detect the presence of plasmids in agarose gels. We therefore set about the genetic labeling of the plasmid, and this resulted in the isolation of pJAZ38, which was found to be neither conjugative nor resistant to mercuric chloride. From the experiments carried out to label pJAZ38, it would appear that although pJAZ38 is not conjugative, it is mobilizable, which suggests that another plasmid was responsible for the conjugative transfer and comobilization of pJAZ38.
The plasmid pJAZ38 was found to show homology with the M. avium plasmid pLR7 and the M. scrofulaceum plasmid pMSC262 at the DNA level. At the amino acid level, homology was obtained only with plasmid pLR7. The report of the sequence of the origin of replication of the M. avium plasmid pLR7 shows disagreement with that of the homologous plasmid pMSC262, and the authors suggest that in one of the cases, the wrong open reading frame was chosen (2) .
The DNA homology between the M. scrofulaceum plasmid pMSC262, the M. avium plasmid pLR7, and the M. fortuitum plasmid pJAZ38, along with the similar sizes of approximately 16 kb, suggests that these plasmids are related, although less homology was seen outside the replication region. While there was 61% homology with both of the other plasmids in the replication region, the immediate upstream and downstream regions gave scores of less than 50% and approximately 40%, respectively. This would suggest that these are different, although related plasmids. Another important difference is the host range of pJAZ38, which can replicate in M. smegmatis mc 
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MYCOBACTERIUM FORTUITUM PLASMID pJAZ38strains have led some authors to suggest a possible role of the pLR7 family of plasmids in infection and colonization of immunocompromised hosts (3) . Furthermore, the presence of homologous plasmids throughout the genus Mycobacterium would seem to suggest that horizontal gene transfer occurs, although this fact had not been proved. The method by which pJAZ38 was recovered by mobilization due to the presence of a putative coexisting conjugative plasmid supports the theory of such horizontal transfer as would occur in nature. Interestingly, in the environmental isolate of M. fortuitum FC1 from which the sulfonamide-resistant transposon Tn610 was isolated, the presence of pLR7-like plasmids was detected. Homologous plasmids were also detected in two clinical isolates. Further evidence of gene transfer involving mycobacteria in nature would be the detection of IS6100, originally isolated from M. fortuitum FC1 in both Flavobacterium species and Pseudomonas species (13) , and the fact that the sulfonamideresistant element isolated from M. fortuitum was shown to be identical to sulfonamide resistance genes from E. coli (16) . The isolation of a new mycobacterial replicon is of particular interest, because to date the majority of vectors available for use in mycobacteria are based on pAL5000 or nonmycobacterial, broad-host-range vectors such as RSF1010, which have been found to replicate in mycobacteria (7). The plasmid described here, pJAZ38, was found to replicate in M. smegmatis mc 2 155, unlike related plasmids pLR7 and pMSC262. Moreover, the fact that the new replicon is compatible with pAL5000 makes it very important for potential use in complementation studies. pJAZ38 was also found to be stably maintained in mycobacteria in the absence of selection pressure. All of these findings make pJAZ38 a good candidate for further genetic studies with mycobacteria. Further studies are currently under way in our laboratory to identify the region responsible for mobilization of pJAZ38.
